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3Why do suburbs need to be adapted to 
mitigate further climate change and withstand 
ongoing changes?
•	 In England, over 85% of the population lives 










•	 It is in suburbs that the majority of the population 





•	 The impacts of these changes will be felt by 
people, in terms of, for example, increased heat 
stress and reduced comfort during hot spells, 
restrictions on water use, reduced air quality, and 






•	 A number of physical changes could be made 
to homes, gardens and the public realm in 








•	 Yet, processes of change in the physical 










What is the current situation in English 
suburbs with respect to adapting to reduce 
further impacts of climate change and 
withstand ongoing changes?
•	 At the home and garden scales some mitigation 
and adaptation actions are taking place, but 












•	 At the neighbourhood scale, very little adaptive 




•	 There is no clear process, or delivery mechanism, 





How can suburbs be best adapted to reduce 

























































































































































































































What might motivate residents and other 
stakeholders to mitigate further climate 
change and adapt to ongoing changes?
•	 More experience of climate change (gradual 










•	 Normalising of simultaneous mitigation and 
adaptation practices, and their introduction into 





















•	 A better understanding of the multiple pathways, 
involving a range of stakeholders, that could 










7•	 Prioritising resources for adaptation. Currently 
both householders and local and national 
government are not prioritising resources for 




•	 Clearer responsibilities for adaptation. At the 
suburban scale one of the key problems in 
effective mitigation lies in understanding who 







•	 Communicating climate change and its risks 
















•	 Ensuring practical information about adaptations 












•	 Ensuring adaptation is embedded in planning 
policies and practices and building regulations. 
Planning policies and building regulations 
need to ensure that future climatic conditions 
are considered when changes to the physical 

















•	 Learning from places where neighbourhood 








•	 Ensuring that central government-controlled 
mechanisms such as grants and subsidies are 
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•	 The number and diversity of people and 

































































































































Figure 1.1  A	conceptual	rationale	for	the	conditions	and	challenges	underlying	suburban	adaptation	
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2.2  Overall approach (summary)
SNACC’s	overall	approach	was	to	develop	and	then	
























































































































































•	 Developed climate change scenarios for our 
three case study cities	(WP1).	These	are	set	out	in	
Chapter	6.
•	 Developed an understanding of the socio-




documented the current English policy context	
for	suburban	adaptation	(WP2).	This	is	presented	
in	Chapter	5.	
•	 Developed a typology of English suburbs and a 

















































•	 Developed two existing models (DECoRuM© 
[Domestic Energy, Carbon counting and 
carbon Reduction Model] and VEPS [Virtual 


















































































































































































































































3.2  Defining England’s suburbs:   






























































































































Potential climate risks and adaptation options for English suburbs






















































4.2  Determining the range of adaptation  
 and mitigation options that could be  
 implemented in suburbs to address a  

























Built environment  
scale/element

































































The policy context for suburban change
Chapter 5 
5.1  Introduction 
Suburban neighbourhoods are complex and diverse 
places that are likely to experience a variation of 
impacts arising from climate change. Reflecting 
this diversity, the agencies and organisations 
implicated in ensuring that both suburban housing 
and suburban neighbourhoods continue to be safe, 
healthy and serviced places in the face of climate 
change cover a wide range of policy sectors and 
territorial levels. This chapter describes the policy 
and governance contexts that frame the possibilities 
for adapting suburban neighbourhoods and housing 
in England. It sets out the roles and responsibilities 
of central and local government, the impact of the 
statutory planning system and the implementation 
of retrofitting programmes in the existing housing 
stock.
5.2  Central and local government   
 and climate change adaptation in   
 suburban neighbourhoods
The policy context for the adaptation of residential 
housing (and neighbourhoods) in England to the 
challenges of climate change is both complex and 
has been subject to on-going change through 
the 2000s and to the present day. Responsibilities 
for engaging and ensuring the appropriate quality 
of the English housing stock and residential 
urban areas are split across a number of different 
government departments (see Figure 5.1). Whereas 
the Department for Environment, Food and Rural 
Affairs (DEFRA) retains the overall remit to monitor 
climate change adaptation, it is the Department 
for Communities and Local Government that most 





Sustainable communities, statutory planning system, building regulations (and codes including 
energy performance certification), social (and affordable) housing, local government (in 
general touching on parks, roads and services), regeneration, lifetime homes, emergency 
services
DEFRA (Environment, 
Food and Rural Affairs)
Climate change adaptation (in general), pollution and waste, flooding and drainage, market 
transformation programme (promotion of sustainable products)
DECC (Energy and 
Climate Change)




Construction industry (productivity, profitability and competitiveness of sector), growth of low 
carbon construction industry, (sponsorship of) Technologies Strategy Board
Treasury House prices, housing finance, fiscal incentives, setting of council tax and stamp duty
Department of Health Housing for older people and people in need of care
































































































































































5.4  Policies and programmes shaping  
 the building and maintenance of   

























































































The SNACC Case Studies: selection, climate change 



































Suburb type Case study Income Community activity Flooding




















6.2  Determining climate change   



















































Summer in Bristol Winter in Bristol 






























Bristol Change in… 2030 M 50% 2030 H 90% 2050 M 50% 2050 H 90%
Summer	mean	temperature	°C 2.0 3.4 2.8 5.2
Summer	mean	daily	maximum	temperature	°C 2.6 4.7 3.7 7.3
Winter	mean	temperature	°C 1.5 2.4 2.1 3.5
Summer	mean	precipitation	% -10 -31* -19 -43*
Winter	mean	precipitation	% 9 22 15 37
Summer	mean	solar	radiation	W/m2 6 19 8 24
Oxford Change in… 2030 M 50% 2030 H 90% 2050 M 50% 2050 H 90%
Summer	mean	temperature	°C 2.0 3.8 3.0 5.4
Summer	mean	daily	maximum	temperature	°C 2.4 4.4 3.5 7.0
Winter	mean	temperature	°C 1.6 3.0 2.2 4.4
Summer	mean	precipitation	% -9 -29* -18 -42*
Winter	mean	precipitation	% 9 22 15 36
Summer	mean	solar	radiation	W/m2 7 17 9 22
Stockport Change in… 2030 M 50% 2030 H 90% 2050 M 50% 2050 H 90%
Summer	mean	temperature	°C 1.7 2.9 2.4 4.4
Summer	mean	daily	maximum	temperature	°C 2.2 4.0 3.1 6.1
Winter	mean	temperature	°C 1.5 2.5 2.1 4.5
Summer	mean	precipitation	% -8 -24* -15 -35*
Winter	mean	precipitation	% 7 16 11 27



















6.3  The case studies, their current   
 and future climate risks, and   
 proposed adaptations 

















































































































House and Garden Neighbourhood














































































































































































House and Garden Neighbourhood
























































Summer in Oxford Winter in Oxford 
Summer mean daily maximum temperature increase: 












Winter rainfall/snow etc. increase: very unlikely to be 
greater than 22%
•	 	Increased	surface	flooding	risk






Winter mean daily maximum temperature increase: 
very unlikely to be greater than 2.6°C 
Figure 6.11 	Current	and	future	climate	risks	in	Oxford
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House and Garden Neighbourhood



















































































































































House and Garden Neighbourhood





















































6.3.3  Stockport Case Studies 
In	Stockport	the	current	and	future climate risks are 
as follows (for the 2030s climate period, covering 
2020-2049, under high greenhouse gas emissions).
Summer in Stockport Winter in Stockport
Summer mean daily maximum temperature 





Summer rainfall reduction: very unlikely to be less 






Winter rainfall/snow etc. increase: very unlikely 
to be greater than 16%
•	 	Increased	surface	flooding	risk






Winter mean daily maximum temperature in-
crease: very unlikely to be greater than 2.5°C 
Figure 6.16 	Current	and	future	climate	risks	in	Stockport.
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House and Garden Neighbourhood












































































































































































House and Garden Neighbourhood




























































































































From these findings the development of adaptation 



























Roof	insulation	(U-value	0.2	–	0.16	W/m2K)	(EST,	2012) Improved	U-values	 A M














Package 2: Fabric + Energy efficiency (deals with internal heat gain)
Package	1	+	the	following:
Boiler	upgrade Reduce	energy	use M




Primary	pipework	insulation Reduce	energy	use	and	internal	gains A M
Energy	efficient	lighting	(LED) Reduce	energy	use	and	internal	gains A M




























































































Figure 7.7  Climate	change	impact	as	overheating	potential	for	Botley	at	2030s	and	2050s	climate	periods,	medium	to	high	
emissions,	50%	to	90%	probabilities	(source:	Digimap,	2012;	The	DECoRuM-Adapt	model,	2012).	Map©	Crown	Copyright/
database	right	2012.	An	Ordnance	Survey/EDINA	supplied	service.


























































Figure 7.12  Climate	change	impact	as	overheating	potential	for	Bramhall	at	2030s	and	2050s	climate	periods,	medium	
to	high	emissions,	50%	to	90%	probabilities	(source:	Digimap,	2012;	The	DECoRuM-Adapt	model,	2012).	Map©	Crown	
Copyright/database	right	2012.	An	Ordnance	Survey/EDINA	supplied	service.
Oxford 2050s Baseline Package 1 Package 2 & 3
Medium High Medium High Medium High
Probability 50% 90% 50% 90% 50% 90% 50% 90% 50% 90% 50% 90%
Botley 98% 100% 99% 100% 3% 19% 3% 100% 0% 2% 0% 100%
Summertown 88% 100% 98% 100% 0% 5% 1% 100% 0% 0% 0% 100%
Figure 7.11  Probabilistic	adaptation	overheating	results	for	the	2050s	in	Oxford
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Baseline Package 1 Package 2 & 3
Sealed Ventilated Sealed Ventilated Sealed Ventilated
Bramhall 100% 11% 100% 0% 2% 0%
Cheadle 100% 3% 95% 0% 4% 0%























Residents responses to adapting their suburbs



















8.2  How do residents perceive climate  












































Heat welcomed by some in Stockport
I	find	it	very	difficult	to	perceive	what	this	might	actually	be	like,	
because	as	far	as	I	am	concerned	at	the	moment,	bring	it	on!








Flooding not considered a serious risk
There’s	quite	a	few	years	you	know	since	we	had	a	flood	up	here	so	it	
seems	a	bit	over	the	top	for	our	houses	(flood	prevention	measures)






Figure 8.1  Quotations	about	climate	change	by	residents
Chapter 8
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8.3  Residential property adaptation

























Suburb typology Inner historic
Pre-war 
Garden 
Inter-war Social housing Car Medium-high











Photovoltaic	panels 4 - 7 7 - 4
Solar	panels - - 7 7 - -
Grow	food 4 4 4 - 4 4
External	wall	insulation 7 - 7 - 7 7
Double/triple	glazing 4 7 4 4 4 4
Roof	insulation 4 4 4 4 4 4





























Suburb typology Inner historic
Pre-war 
Garden 
Inter-war Social housing Car Medium-high











External	solar	shading 7 - - 7 7 4
Internal	shutters 7 7 - 7 -
External	shutters 7
Solar	film 4 - 7 4 7 4
Wall	greenery 4 4 - 7
Green	roof 7 7 - 7 7 -
Shaded	outdoor	space 7 4 4 4 - -
Water	butt 4 4 4 4 4
Rainwater	harvesting	
system
4 - 7 7 7 7
Internal	thermal	mass 7 - 7 -
White	roof	and	walls 4 7 7 7
Extend	eaves 7 7 7
Lock-open	windows 4 4 4 4 4





























Suburb typology Inner historic
Pre-war 
Garden 
Inter-war Social housing Car Medium-high















4 4 7 -
Wood	protectors 4
Trickle	vents 4 - 4 7 7
Maintain	guttering 4
Flood-proof	door 7 7 7 7 7
Flood	gate 7 7 7 - 7
Air	brick	covers 7 4 7 4
Elevate	electrical	
sockets










Figure 8.4  Residents’	likelihood	of	implementing	‘winter’	adaptation	measures	by	case	study	suburb
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8.3.4 What are the factors that determine whether 

























































Reasons for being likely to choose 
an adaptation measure






















Figure 8.5  Residents’	reasons	for	being	more	or	less	likely	to	choose	an	adaptation	option
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8.3.5 How does the likelihood to implement 
adaptation measures vary between case studies?
Residents’	likelihood	of	implementing	adaptation	
measures	varies	between	case	studies	based	
on	the	type of the house and suburb	and	the	
characteristics of the community.




























































































8.4.1 What is the level of support for adaptation 
















Suburb typology Inner historic Inter-war Social housing Car Medium-high









Shading, localised cooling and drought resistance
Street	trees 4 4 4 4 -
Shading	in	green	space	 7 4 - -
Blue	infrastructure - 4 4




Reconfigure	street	drainage	 4 4 4 4 4
Flood	defences 4 4
Mitigation of future climate change
Energy	efficient	street	lighting 4 4 4 4 4
Allotments 7 - 4
Acceptability	of	option:	Acceptable		4	 Mixed		-			 Unacceptable		7
Shaded	areas:	adaptation	not	tested	in	that	case	study


















8.4.2 What factors determine residents’ 


































































Figure 8.8  Neighbourhood	factors	that	affected	level	of	
support	for	neighbourhood	adaptation
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8.5.2 What role do residents think collective action 




































































9.2  Stakeholders experiences of working  






























9.2.2 What drives residents to install adaptation 
measures in their homes? And what is likely to drive 














9.2.3 What stops residents from adapting their 
homes? And what would stop residents from 



















































9.2.4 What is needed to facilitate householders to 
























































9.3.1 What drives communities to undertake 
collective action for adaptation and mitigation? 


































9.3.2 What is needed to facilitate communities to 


















9.4.1 How do stakeholders perceive climate change 


























9.4.2 What is the relationship between ‘mitigation’ 
and ‘adaptation’ for stakeholders? And how are 




























9.4.3 What role do building regulations and planning 






















































9.5  What are potential mechanisms for  






•	 Awareness needs to be raised about the 









•	 Adaptation needs to be integrated into existing 











•	 Adaptation will require a combination of 




















•	 Frontline channels of information for 
householders making home improvements need 














•	 Central government-controlled mechanisms 












•	 Local mechanisms for enabling adaption 




•	 Pricing mechanisms for water and energy are, 


























Synthesis of findings and conclusions – effective, feasible and acceptable 



















10.2  How can existing suburban   
 neighbourhoods in England be ‘best’  
 adapted to reduce further impacts  
 of climate change and withstand   
 ongoing changes? 








•	 There is no ‘best’ ‘one size fits all’ adaptation 








•	 Effective adaptations must combine ‘adaptive 








•	 At both the neighbourhood and individual home 







•	 Some neighbourhood adaptation options would 







•	 Some residential adaptation measures are 
suitable for all housing, but others are only 










•	 For residents, the ‘best’ adaptations tend to 
be cheap, convenient, practical (given the 
type of home they have), attractive, and have 








10.2.2 Key findings on the ‘best’ adaptations for 







•	 Home energy saving adaptations (roof and wall 
insulation, double/triple glazing, PVs and solar 






•	 Increased greening of homes and gardens 
(including food growing) is effective and has 






•	 Effective adaptations to reduce the risk and 
impact of floods in suburbs need to address 
pluvial flooding from inadequate storm water 











•	 A number of individual house-scale adaptations 





•	 Effective adaptations are those which leave the 
neighbourhood or home more resilient after a 









•	 A number of adaptation options are effective 
in combating overheating in homes, but the 
effectiveness of these options depends on the 











•	 Overall external shading (e.g. fixed outdoor 
window shades or external shutters) is more 








•	 Increasing the reflectivity of the exterior 
surfaces of homes, e.g. a bright white render for 




•	 Addition of thermal mass to the home, e.g. 







•	 External insulation is effective in either reducing 
overheating risk or minimising the increase in 
overheating risk that would happen as a result 





•	 Reducing internal gains from sources such as hot 
water heating tanks and pipe work in the home 
is a very effective and inexpensive way to reduce 
the risk of overheating	and	increase	energy	
savings.
•	 At the neighbourhood scale, the introduction 
of blue and green infrastructure is likely to 











•	 A number of adaptations were effective in 
protecting homes, gardens and neighbourhoods 
from storm damage (e.g. weather-proofing 












•	 Effective adaptations to homes and gardens 
include rainwater harvesting systems, and 









•	 At the neighbourhood scale planting that can 
withstand climate changes and requires less 
water is seen as an effective measure,	and	is	likely	
to	become	more	commonly	implemented	by	local	
authorities.	




10.2.3 Findings on the ‘best’ adaptation for each of 






































House and Garden Neighbourhood








































Figure 10.1  Inner	historic	suburb:	St	Werburghs	
85
House and Garden Neighbourhood













































Figure 10.2  Medium/high	density	suburb:	Upper	Horfield	
House and Garden Neighbourhood













































Figure 10.3  Interwar	period	suburb:	Botley,	West	Oxford
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House and Garde Neighbourhood



















































Figure 10.4  Pre-War	‘garden	city’	type	suburb:	Summertown,	North	Oxford
House and Garden Neighbourhood





































































10.3 What are the processes that bring about 
change in suburban areas? Specifically: what might 
motivate residents and other stakeholders to 











•	 Suburbs are extremely varied entities, and 
change within them is complex.	There	are	various	
types	of	suburb,	housing	different	communities	
in	different	locations,	with	a	complex	range	of	
House and Garden Neighbourhood
























































•	 At the home and garden scales some mitigation 
and adaptation actions are taking place, but 







•	 At the neighbourhood scale, very little adaptive 




•	 There is no clear process, or delivery mechanism, 





What might motivate residents and other 






•	 More experience of climate change (gradual 










•	 Normalising of simultaneous mitigation and 
adaptation practices, and their introduction 





















•	 A better understanding of the multiple pathways, 
involving a range of stakeholders, that could 








































•	 Communicating climate change and its risks 















•	 Ensuring practical information about adaptations 

















•	 Ensuring adaptation is embedded in planning 








•	 Learning from places where neighbourhood 








•	 Ensuring that central government-controlled 
mechanisms such as grants and subsidies are 

























































































































Determining the impact on property values of a range of adaptation 






































































































































































Developing DECoRuM-Adapt© (a Domestic Energy, Carbon counting and carbon 
Reduction Model) to analyse the impact of climate change on energy use and comfort

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Synergies and conflicts between adaptation and mitigation measures
Adaptation	
measure




























































































































































































































































































































































Primary	intent Synergies In	response	to: Conflicts In	response	to:
Home	scale	implementation
Flood	gates,	
skirts,	etc.
Home	level	flood	
resistance
Increased	winter	
precipitation
Individual	home	
resistance	to	
flooding,	even	on	
a	collective	level,	
has	the	potential	
to	exacerbate	
the	impact	
elsewhere.	An	
approach	to	flood	
resistance	must	
be	considered	at	
large	scale.
Increased	winter	
precipitation
*Gupta	and	Gregg	(2012)
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